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1.0  INTRODUCTION 


The  VHF  localizer  has  existed  in  general  operational  use  for  well  over 
three  decades,  as  part  of  the  ILS,  to  provide  horizontal  guidance  for 
aircraft  approaches  to  airports.  The  localizer  generates  a  more  or  less 
directional  tone  modulated  radiation  pattern  centered  about  a  runway 
centerline  extended  to  produce  proportional  left  or  right  instrument 
deviation  indications  in  an  airborne  receiver  depending  on  the  aircraft 
location  within  the  localizer  course  sector  and  full  scale  deviating 
indication  (called  clearance)  elsewhere  within  the  localizer  signal 
coverage.  All  localizers  in  general  conform  to  the  International  Standards 
and  Recommended  Practices  of  ICAO  Annex  10. 

Since  its  original  inception  many  improvements  have  been  introduced  to 
the  system  along  the  lines  of  electronics  and  antenna  developments.  The 
design  and  performance  characteristics  of  the  radiating  antenna  array  is 
of  special  importance  due  to  the  critical  necessity  for  accurate  guidance 
with  decreased  visibility  and  approach  minimums.  A  potential  problem  is 
that  at  many  airports,  the  radiated  signal  could  be  adversely  affected 
due  to  reflections  from  buildings,  taxiing  aircraft,  etc.,  thus  limiting 
the  accuracy  and  use  of  the  localizer  during  low  visibility. 

This  report  presents  the  results  of  a  major  development  effort  for  antenna 
arrays  which  overcome  weaknesses  of  existing  systems  and  are  suitable  for 
practically  all  types  of  airport  sites. 
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2.0  BACKGROUND 


For  a  background  of  the  development  effort,  it  would  be  well  to  briefly 
summarize  some  of  the  difficulties  associated  with  the  existing  localizer 
antenna  arrays  in  operational  use  by  FAA  during  the  Fifties  and  Sixties, 
namely  (1)  the  39-foot  aperture  single  frequency  eight-loop  array, 

(2)  the  117-foot  aperture  two  frequency  waveguide  (with  its  eight-loop 
array  for  clearance  and  backcourse) ,  and  (3)  the  105-foot,  single  frequency, 
15-element  V-Ring  array. 

All  of  these  arrays  were  developed  at  a  time  when  FAA  required  both  a 
front  and  a  back  course  and  full  scale  clearances  at  all  azimuths  between 
the  front  and  back  course  sector  width  limits.  Due  to  increasingly 
difficult  siting  conditions  created  by  normal  airport  expansion,  these 
arrays  were  hard  pressed  to  provide  Category  II  (and  in  many  cases  even 
Category  I)  performance.  The  siting  problem  was  further  aggravated  by 
the  introduction  of  larger  and  higher  performance  jet  aircraft  which  re¬ 
quired  better  localizer  beams  for  operation  with  their  couplers.  None 
of  the  existing  arrays  were  designed  to  take  advantage  of  a  newly  imple¬ 
mented  policy  which  deleted  the  requirements  for  a  back  course  and  for 
clearances  beyond  +35°  of  the  front  course.  Each  used  individual  radiating 
elements  with  little  or  no  directivity.  They  all  suffered  from  now  absolete 
and  overly  sensitive  monitor  pick-up  arrangements  resulting  in  instabili¬ 
ties  and  susceptibility  to  weather.  The  design  did  not  take  into  account 
overflight  interference  and  means  of  minimizing  it.  Specific  shortcomings 
in  each  array  had  been  noted  as  follows: 

Eight-loop  array.  Due  to  its  small  aperture,  its  course  quality  is  not 
good  for  Category  II  or  even  Category  I  in  many  cases.  Its  clearances 
are  generally  marginal.  The  array  had  to  be  "tailored"  to  each  site 
with  special  screening  in  many  cases  resulting  in  high  initial  installa¬ 
tion  and  flight  inspection  costs. 

Wave  guide  system.  Initial  production  costs  for  this  "brute  force"  type 
of  an  array  as  well  as  the  costs  for  the  "tailored"  installation  and 
flight  inspection  are  very  high.  In  addition,  the  waveguide  required 
a  separate  eight-loop  array  for  clearances  and  the  back  course. 

V-Ring  array.  The  single  frequency  V-ring  array  represented  a  compromise 
design  with  a  complex  antenna  element.  In  spite  of  its  complexity,  it 
would  not  meet  Category  II  requirements  for  course  quality  and  clearance 
at  many  sites.  It  has  been  susceptible  to  severe  monitor  problems  and 
suffers  from  the  effects  of  mutual  inductance  coupling.  It  requires 
precise  on-site  tuning  for  each  frequency. 

Contract  DOT-FA70WA-2253  was  awarded  on  October  27,  1969,  to  Andrew  Alford 
Consulting  Engineers,  Winchester,  Massachusetts,  for  a  theoretical  design 
study  and  the  development,  fabrication  and  test  of  three  new  state-of- 
the-art  types  of  localizer  antenna  arrays  which  would  meet  the  latest 
operational  requirements  and  overcome  the  deficiencies  described  above. 
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Some  of  the  major  provisons  of  the  contract  requirements  included  per¬ 
formance  in  accordance  with  the  ICAO  requirements,  accommodation  of 
the  antenna  arrays  to  any  typical  type  of  siting  environment,  more 
directive  antenna  elements  with  built-in  individual  monitor  probes, 
reduced  antenna  element  to  element  mutual  coupling,  no  antenna  adjust¬ 
ments  over  the  frequency  band,  add-on  capability  to  a  given  array  to 
achieve  improved  performance,  and  maximum  time  delay  of  one  second  as 
allowance  for  interference  caused  by  overflying  aircraft.  For  the 
more  difficult  sites,  the  two-frequency  concept  was  re-introduced. 

This  development  has  essentially  met  or  exceeded  all  the  original 
engineering  requirements.  The  result  has  been  a  common  traveling  wave 
antenna  element  and  five  basic  antenna  arrays  or  combinations  of  arrays 
assembled  from  the  common  element,  namely  (1)  the  type  C6-1,  a  six 
element  clearance  array  (2)  the  type  0,  an  eight-element  single 
frequency  array  (3)  type  1A,  a  14-element  single  frequency  array  (4) 
type  IB  consisting  of  a  14-element  directional  array  used  with  the  six- 
element  separate  frequency  type  C6-1  clearance  array  and  (5)  type  II, 
consisting  of  a  22-element  directional  array  and  used  with  the  eight- 
element  separate  frequency  type  0  clearance  array. 

The  most  economical  selection  of  an  array  obviously  requires  considera¬ 
tion  of  the  siting  conditions  as  well  as  the  performance  Category  (I, 

II  or  III)  that  is  to  be  established  for  the  localizer  for  a  given  site. 

A  special  study  was  performed  by  the  Contractor  to  establish  selection 
guidelines.  This  effort  resulted  in  Report  No.  FAA-RD-75-64  "A  Guide 
for  the  Selection  of  Antenna  Characteristics  for  Single  Frequency  and 
Two  Frequency  Localizers  in  the  Presence  of  Reflecting  Structures." 

This  report  is  considered  an  invaluable  aid  to  the  installation  engineer. 
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3.0  DETAILED  TECHNICAL  DESCRIPTION 


3.1  Antenna  element.  All  five  antenna  arrays  developed  by  Andrew  Alford 
Consulting  Engineers  are  made  up  from  the  same  basic  element,  namely 

the  traveling  wave  loop  antenna,  also  called  the  0  element  or,  by  the 
Alford  designation,  Type  4770  element.  See  Figures  1  through  3. 

The  traveling  wave  loop  antenna  element  consists  of  IS  radiating  and 
partially  overlapping  rings,  spaced  12.75  inches  apart  at  the  point  of 
attachment  and  slanted  across  an  open  common  balanced  transmission  line 
consisting  of  two  bars  terminated  by  a  resistive  load.  The  sending  and 
receivingends  of  the  balanced  transmission  line  are  provided  with  baluns 
for  conversion  to  unbalanced  input  and  output  terminations  respectively. 
The  output  balun  is  terminated  in  a  50  ohm  impedance.  The  spacing 
between  the  rings  was  chosen  to  produce  a  very  low  value  of  radiation 
along  the  back  course  when  the  element  is  properly  terminated.  The 
directional  characteristics  of  radiation  pattern  can  be  seen  from  Figures 
5,  6  and  7.  It  can  be  seen  from  these  drawings  that  the  radiation  from 
the  antenna  is  essentially  unidirectional  and  that  it  consists  of  a 
single  major  lobe.  The  mutual  inductance  characteristics  between 
adjacent  antenna  elements  is  excellent  and  is  at  least  -34db  at  the 
minimum  spacings  used  between  elements  in  an  array.  The  element  which  is 
IB  feet  long  (about  2A)  is  typically  mounted  at  a  height  of  not  over  2/3  A 
(approximately  12  inches)  above  ground  and  presents  a  relatively  low 
profile  andyet  produces  a  low  angle  vertically  directive  radiation 
pattern. 

Other  electrical  characteristics  include  the  following.  The  overall 
element  input  impedance  is  50  ohms.  The  element  will  handle  a  power 
input  of  up  to  75  watts.  The  transmitting  frequency  capability  is  from 
108  to  112  MHz  without  any  antenna  adjustments.  The  input  VSWR  is  less 
than  1.1  : 1  over  this  band.  The  polarization  is  horizontal  with  the 
vertical  component  at  least  -26  db  from  the  horizontal.  The  front  to 
back  ratio  is  26  db+.  The  performance  of  the  antenna  element  is  not 
seriously  degraded  from  icing;  however,  to  insure  no  degradation  of  the 
performance  and  for  protection  of  the  elements,  these  are  usually 
enclosed  in  a  radome  as  shown  in  Figure  1.  To  monitor  the  power  level 
radiated  from  an  element,  the  power  existing  at  the  output  termination 
of  the  dement  may  be  sampled.  Samplings  from  each  element  in  an  entire 
antenna  array  are  combined  to  provide  an  analog  monitor  for  the  entire 
array,  as  will  be  shown  later  under  the  discussion  of  monitoring  of  the 
array . 

3.2  Antenna  Arrays.  As  mentioned  already,  there  are  several  antenna 
arrays.  These  are  all  made  up  from  the  same  basic  element.  The  arrays 
have  been  designed  in  such  a  way  that  regardless  of  the  number  of 
elements,  the  spacing  of  the  two  center  elements  are  identical  (i.e., 

•6a  between  each  other  or  each  .3^  from  the  middle  of  the  array,  at  11  1 
MHz)  and  the  spacing  between  all  additional  elements  is  also  identical. 
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namely  .75  A  at  110  MHz.  In  all  cases  an  even  number  of  elements  is 
utilized  which  helps  the  mutual  coupling  problem.  No  spacing  adjust¬ 
ment  is  required  for  a  frequency  change  within  the  band.  However,  each 
type  of  array  requires  its  own  power  distribution  scheme.  Figures  10 
and  11  show  two  types  of  input  power  distribution  networks. 

Five  distinct  arrays  have  been  developed: 

(1)  6  elements  32-foot  aperture,  provides  clearance  radiation  on 

a  separate  frequency  for  the  IB  array  (Type  C6-1) 

(2)  8  elements  45-foot  aperture,  provides  clearance  radiation  on 

a  separate  frequency  for  the  Type  II  array,  or  may 
be  used  alone  as  a  self  clearing  array  (Type  0) 

(3)  14  elements  83-foot  aperture  used  as  a  self  clearing  single 

frequency  localizer  antenna  (Type  1A) 

(4)  14  elements  83-foot  aperture,  directional  array  (Type  IB)  on 

one  frequency,  used  together  with  Type  C6-1  for 
clearance 

(5)  22  elements  140-foot  aperture  directional  array  (Type  II)  on 

frequency  used  together  with  Type  0  for  clearance 

Table  I  displays  antenna  element  spacings  for  each  array.  Tables  II  and 
III  list  the  nominal  current  amplitudes  and  phase  of  the  currents  applied 
to  each  antenna  element  of  each  array. 
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TABLE  I 


Antenna 

Spacings 

in  Wavelengths 

from  Center  of 

C6-1 

0 

1A 

IB 

II_ 

Element  Number 

1L  and  1R 

.3 

.3 

.  3 

.3 

.3 

2L  and  2R 

1.05 

1.05 

1.05 

1.05 

1.05 

3L  and  3R 

1.8 

1.8 

1.8 

1.8 

1.8 

4L  and  4R 

N/A 

2.55 

2.55 

2.55 

2.55 

5L  and  5R 

N/A 

3.3 

3.3 

3.  3 

6L  and  6R 

4.05 

4.05 

4.05 

7L  and  7R 

4.8 

4.8 

4.8 

8L  and  8R 

N/A 

N/A 

5.55 

9L  and  9R 

6.3 

10L  and  10R 

7.05 

11L  and  HR 

7.8 

Note  1:  The  "L"  and  "R"  suffixes  to  the  element  numbers  designate  the 
left  side  and  right  side  of  the  arrays  as  seen  by  an  aircraft  on  approach 
or  an  observer  standing  in  front  of  or  facing  the  array. 

Note  2:  The  physical  locations  of  the  element  pairs  with  respect  to 
centerline  remains  constant' throughout  the  localizer  frequency  band. 

The  electrical  distances  will  accordingly  vary  as  the  operating  frequency 
differs  from  110  MHz. 
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TABLE  II 


Antenna  Carrier  Current  Relative  Level  and  Phase 


C6-1 

0 

1A 

IB 

II_ 

Element  Number 

1L  and  1R 

1.000 

1.000 

1.000 

.893 

1.000 

2L  and  2R 

0 

.363 

.394 

1.000 

.964 

3L  and  3R 

.200 

.14  3 

.  394 

.714 

.892 

4L  and  4R 

N/A 

.055/180°  * 

.212 

.491 

.791 

5L  and  5R 

N/A 

.212 

.263 

.669 

6L  and  6R 

.060 

.160 

.538 

7L  and  7r 

.060 

.160 

.411 

8L  and  8R 

N/A 

N/A 

.297 

9L  and  9R 

.206 

10L  and  10R 

.140 

11L  and  HR 

.101 

‘Everywhere  except  here,  relative  phase  is  0°. 


Note:  The  "L" 
side  and  right 
or  an  observer 


and  "R"  suffixes  to  the  element  numbers  designate  the  left 
side  of  the  arrays  as  seen  by  an  aircraft  on  approach 
standing  in  front  of  and  facing  the  array. 
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TABLE  III 


Antenna  Sideband  Current  Distribution 

Relative 

Level  and 

Phase 

C6-1 

0 

1A 

IB 

Element 

Number 

1L  and 

1R 

. 900/0 °/l 80 

1.000 

1.000 

.222 

.057 

2L  and 

2R 

.  300 

.890 

.759 

.667 

.169 

3L  and 

3R 

.0125 

.700 

.414 

1.000 

.277 

4L  and 

4R 

N/A 

.416 

.586 

1.000 

.326 

5L  and 

5R 

N/A 

.276 

.889 

.387 

6L  and 

6R 

.379 

.555 

.369 

7L  and 

7R 

.138 

.367 

.352 

8L  and 

8R 

N/A 

.281 

9l  and 

9R 

.233 

10L  and 

10R 

.135 

11L  and 

HR 

.130 

♦This  phase  relationship  applies  to  all  values  in  the  table. 
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3.3  Antenna  Performance.  The  minimum  performance  array,  Type  0  as  des¬ 
cribed  herein  is  self-clearing  (i.e.,  a  single  frequency  rf  carrier 
provides  a  course  as  well  as  full  clearances) .  It  is  intended  for  use 
at  locations  relatively  free  from  reflection  interference  sources  in 
the  180°  front  course  azimuth  sector  of  the  array.  In  comparison,  the 
14-element,  type  1A  array,  also  self  clearing,  which  directs  a  greater 
proportion  of  the  radiated  energy  along  the  runway  centerline,  may  be 
used  at  locations  having  a  moderate  extent  of  interfering  sources  in 
front  of  the  array.  The  radiation  patterns  of  these  two  arrays  are 
shown  in  Figures  8  and  9,  respectively. 

A  graphic  comparison  among  several  arrays  is  presented  in  Figure  12 
which  shows  the  relative  distribution  of  sideband  radiation  versus 
azimuth  of  several  arrays.  Note  in  particular  the  relative  amplitudes 
of  the  8-loop  array,  the  15-element  V-Ring  Array,  the  Type  0  and  Type 
1A  array.  In  general,  the  greater  the  relative  level  of  off-course 
sector  radiation  the  greater  the  potential  is  for  a  reflecting  source 
at  these  azimuths  to  cause  a  reflected  signal  to  combine  with  and 
deteriorate  the  signal  elsewhere  within  the  coverage  including  the 
course  where  beambends  may  be  caused.  The  improvement  made  possible 
by  the  introduction  of  the  traveling  wave  antenna  arrays,  when  compared 
to  the  previously  existing  arrays,  is  obvious. 

Figures  15-20  are  presented  to  show  the  radiation  patterns  of  the  Type 
0  array  as  frequency  and  course  widths  are  changed  from  one  operating 
limit  to  the  other.  The  Type  IB  (which  includes  the  14-element  direc¬ 
tional  arrays  plus  the  C6-1  clearance  array)  will  provide  Category  II 
localizer  course  quality  even  at  difficult  sites  and  may  also  be  used 
for  Category  III  ILS  application.  A  typical  radiation  and  ddm  pattern 
is  shown  in  Figure  21. 

The  radiation  pattern  for  the  Type  II  array  as  shown  in  Figures  22  and 
23  shows  the  exceptional  directional  course  characteristics  of  this 
array.  The  Type  II  array  has  been  proposed  as  suitable  for  application 
at  difficult  Category  III  sites. 

To  date  all  the  types  have  been  installed  and  tested,  and  all,  except 
the  Type  II  array  have  been  put  into  operational  commissioned  use. 

Each  of  the  five  separate  arrays  described  (C6-1,  0,  1A,  IB  and  II)  is 
driven  by  two  separate  input  signals  consisting  of  a  modulated  carrier 
(CS)  and  a  carrier  suppressed  double  sideband  signal  (SO) ,  through  an 
input  distribution  network.  This  network  which  is  different  for  each 
array,  distributes  each  signal  to  the  elements  in  the  relative  nominal 
current  ratios  and  phase  as  indicated  in  Tables  II  and  III.  The  antenna 
input  distribution  networks  are  illustrated  in  Figures  10  and  11  for 
the  Type  0  and  Type  1A  arrays,  respectively.  The  relative  ratio  between 
CS  and  SO  determines  the  course  width  for  a  single  array  (compare,  for 
example,  Figures  15  and  16)  .  No  backcour.se  is  generated.  When  two 
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separate  carriers  are  employed  (Type  IB  and  II) ,  the  course  radiation 
carrier  predominates  within  the  course  sector  and  the  separate  clearance 
rf  frequency  carrier  at  azimuths  beyond  the  capture  points  where  the  two 
are  equal  in  amplitude.  Any  reflections  of  the  clearance  energy  into  the 
course  sector  is  discriminated  against  by  the  so-called  "capture  effect" 
in  the  receiver,  i.e.,  the  non-proportional  discrimination  to  the  weaker 
rf  signal  by  the  predominant  course  rf  signal.  The  relative  power  ratio 
of  the  signals  to  each  array  is  adjusted  to  provide  an  overall  acceptable 
course  width  and  clearance.  On  the  courseline,  the  clearance  carrier  is 
nominally  10  dB  below  the  course  carrier.  Figures  21  and  23  show  the 
resultant  ddm  distribution  from  the  dual  frequency  IB  and  II  arrays. 

TABLE  IV  summarizes  some  additional  comparison  characteristics  among  the 
arrays . 

3.4  Monitoring.  All  the  antenna  arrays  described  are  provided  with  integral 
monitor  pick-up  systems  which  will  supply  localizer  on-course  and  off-course 
status  signals  for  conventional,  i.e.,  typical  FAA  in-use  monitors.  The 
shortcomings  of  the  monitor  systems  previously  described  such  as 
environmental  effects,  overflight  interference,  and  time  delays  have  been 
eliminated  by  the  integral  monitor  system.  The  integral  monitor  system 
effectively  samples  the  energy  radiated  from  each  element  of  the  antenna 
array  and  recombines  these  signals  to  accurately  represent  far  field  course, 
and  course  deviation  sensitivity  or  clearance  behavior. 

The  monitor  combining  networks  shown  in  Figures  10  and  11  are  typical 
for  all  the  arrays,  except,  of  course,  for  the  number  of  antenna  elements 
involved.  In  the  system  shown  in  Figure  10,  the  signals  are  sensed  by 
eight  dual  couplers  representing  the  terminal  loads  connected  to  the 
outputs  of  each  of  the  eight-antenna  elements.  The  coupling  loss  is  about 
14  db.  A  set  of  one  signal  from  each  coupler  is  taken  and  fed  through 
cable  lengths  chosen  to  be  of  equal  electrical  length  between  each  coupler 
and  the  inputs  to  a  9-port  resistive  star  combiner,  the  output  port  of 
which  represents  the  combined  rf  signal  which  is  fed  to  an  on-course 
detector.  A  set  of  a  second  signal  from  each  of  the  eight  couplers  is 
taken  and  fed  to  the  inputs  of  a  second  9-port  resistive  star  combiner, 
the  output  port  of  which  produces  the  combined  rf  signal  which  is  fed 
to  the  off-course  detector.  However,  in  the  case  of  the  signals  fed  to 
the  star  combiner  for  the  off-course  detector,  their  electrical  paths  are 
not  equal.  In  this  case,  instead,  for  example  starting  with  the  cable 
from  the  extreme  left  coupler  and  going  to  the  right,  each  successive 
cable  is  increased  in  length  by  an  electrical  length  made  equal  to  d  Sin 
8  where  d  is  the  distance  in  electrical  degrees  at  110  MHz  between  two 
adjacent  antenna  elements  and  90  is  the  off-course  angle  at  which  the 
signal  is  to  be  monitored,  typically  2°  from  the  course  center  line.  The 
value  of  9  remains  constant  in  a  given  system  after  it  has  been  chosen. 

The  combined  off-course  signal  that  is  produced  is  essentially  the  same 
signal  that  wuld  be  picked  up  by  the  off-course  dipole  in  the  field  at  an 
angle  60  provided  that  the  dipole  were  placed  far  enough  from  the  array  to 
be  effectively  located  in  the  "far  field,"  i.e.,  beyond  2D^/^>  where  D  is 
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TABLE  IV 

Summary  of  Characteristics  of  Traveling  Wave  Antenna  Arrays 


Type 

0 

1A 

IB 

u_ 

Aperture 

45' 

83' 

83' 

140' 

Separate  clearance 
aperture 

N/A 

N/A 

32  ' 

45' 

Total  No  elements 

8 

14 

20 

30 

On  course  aberrations 
due  to  reflection  +15° 
to  35°  compared  to 

V-Ring  array 

2X 

IX 

.2-. IX 

■  IX 

On  course  aberrations 
due  to  reflections 
beyond  +35° 

Unlikely 

problem 

nil 

nil 

ni  1 

Carrier  beam  width 

20° 

9° 

7°  (dir.) 

4°  (dir.) 

SB  Lobe  widths 

10° 

4.5° 

4.5  (dir.) 

3 °  (dir.) 

SB  Lobe  peaks 

+8° 

+5° 

+4.5° 

+  3° 

Typical  power  input 

Dir.  antenna  (watts) 

5 

5 

9 

6 

Power  input  clearance 
antenna 

N/A 

N/A 

3 

3 

Radiation  beyond  desired 
coveraqe  sector  as 
compared  to  maximum 

10%  0  +40° 

1  ittle 
beyond 

+  50° 

10%  (d  +40° 

little 
beyond 
+  50° 

(di r) 5%  «  +1  1  ° 

nil  beyond 
+8° 

(dir)  5+  o  4i 

nil  beyond 
m  ° 

the  width  of  the  array  and  A  is  the  wavelength.  For  a  100-foot  array, 
this  is  approximately  2,200  feet  from  the  array.  The  arrangement  adopted 
for  the  off-course  signal  combiner  approximates  the  ideal  arrangement  in 
this  repect  and  provides  a  signal  similar  to  one  that  would  be  picked 
up  in  the  far  field. 

3.5  Field  tests  and  implementation.  At  an  early  stage  of  the  development 
effort  two  significant  field  tests  were  conducted,  one  at  Tulsa,  Oklahoma 
and  the  other  at  Boeing  Field  International. 

The  following  is  an  excerpt  from  Contractor  Progress  Report  No.  22  which 
covered  field  testing  at  the  Tulsa  International  Airport  in  August  1971. 

"The  V-rinq  generated  localizer  course  serving  runway  35R  at  Tulsa, 
Oklahoma  is  very  rough  because  of  the  erection  of  a  large  hangar  for 
Boeing  747  Airplanes.  Depending  upon  whether  the  doors  are  open  or 
closed,  the  course  bends  vary  between  45  and  60  microamperes . 

The  recently  completed  tests  at  Tulsa  were  undertaken  to  determine  whether 
a  CAT  II  localier  course  could  be  obtained  with  a  two-frequency  system 
consisting  of  a  fourteen  element  traveling  wave  course  array  (FAA  IB) 
together  with  an  eight  element  (FAA  Type  0)  array  as  a  clearance  array, 
or  a  six  element  C6-1  Clearance  Array. 

Several  combinations  were  tried.  Every  combination  after  some  adjustment 
of  input  powers,  resulted  in  a  CAT  III  performance.  The  arrangement 
recommended  as  the  result  of  the  test  consists  of  the  fourteen  element 
course  array  (FAA  Type  IB)  placed  at  580'  from  the  runway  and  a  six 
element  clearance  array  C6-1  placed  780'  from  the  runway." 

The  field  tests  at  Booing  Field  International  were  conducted  a  year  later 
and  included  testing  of  all  the  newly  developed  antenna  arrays.  The 
Boeing  field  was  considered  a  difficult  site  for  localizer  installations 
as  the  existinq  localizer  waveguide  installation  only  yielded  Category 
I  course  quality  performance.  It  was  found  that  the  Type  2  (actually 
the  same  as  Type  1 1  as  described  in  this  report)  would  provide  Cateqory 
ill  course  quality.  The  Boeing  tests  served  to  demonstrate  the 
relative  performance  capability  of  all  the  traveling  wave  antennas  and 
the  existing  waveguide  and  eight  loop  arrays.  A  major  excerpt  of  the 
Contractor's  progress  report  for  this  phase  of  his  development  effort 
has  been  included  as  an  Appendix  to  this  report. 

To  date  some  130  each  type  lB  systems  built  by  Texas  Instruments  Inc. 
for  the  HSAF  and  FAA  have  been  or  are  scheduled  for  installation. 

More  recent  development  efforts  by  Andrew  Alford  Consulting  Engineers 
under  a  subsequent  contract  have  resulted  in  a  single  combined  both 
course  and  clearance  array  with  performance  comparable  to  type  IB. 
Additionally,  special  monitor  arrangements  including  antenna  misalignment 
detectors  and  rf  cable  deterioration  detectors  have  also  been  developed 
and  field  tested  under  this  contract.  A  separate  report  is  anticipated 
on  these  deve lopments . 
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FIGURE  1 
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FIGURE  2 
TYPICAL 
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in  front  of  the  waveguide  array  did  not  indicate  ar.y  c - r.cernabl 
fervnco.  f’(:  data  for  run  ■  2,  f> ,  and  1‘-  in  Table  J I  and  data  f 
rnnn  3,  4,  11,  13,  14,  If  and  3  4  from  Table  V. 

As  a  result  of  co::.:  a:  or.  or  the  ir.easured  data  o'..‘aln-_d  wi 
without  the  type  3  local  in  .r  in  front  of  tie  DPI  local  i  :vr  ,  it 
the  opinion  of  V.’il  •!"  ’'j-'M  "A  .avi  of  the  enrJi*. 'em  fro-,  tl..  b.-'A  u 
AAC'h ,  that  r.o  sign  i  i  ic.,:i ;  Gaeradnl ion  ol  quality  to  the  Db!  fan 
had  occur;  1.  Tic  kb  I  itu)ji:nr  was,  there f cr ■■ ,  rut  ink  into 
i,oi  :  ,1  r-T"'<.e  unit.’  al  !  ;  ri  In  •..’hen  th  ■  J  v  .•  1 :  m  -it'  •)  ,.v- 


not  b'  in-  to'.:.-d 


r. _ f  :  ci.  1;  -I  ,  '  :  ’  r  t  '  -  Table  1  1 

l’ci  all  to-  "ii  it  :c:e.,  i.  NM  clearance-  orbit r.  wore  flown 
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clearly.  Tiic  data  f re 

HAT!  ' 

uses  as  high  a. 

?  S  sa  a 

at  bo; is  t'S  s.nd  -3o° 

c>n  t : 

;n,.o  orl' 

i  i . 

It  waw  f cui.  1  Cnr'nr  the  reduction  of  the  site  test  data  that 
in  so:..',  carter  the  it.ark indicat'n,  flO:  or  s35°  were  not  always  r.y. •  .... 
with  v!.-  cro:  O’A  r  point.  It  was  also  observed  that  on  consecutive 
runs  or  successive  runs  of  essentially  the  none 

test  t!n.l  the  clearance-:'.  at  the  indicated  anples  did  not  always  a.’r-'e 
Tills  1  '■  no:r,;i  o:t  has  Lo-st  observed  on  a  number  of  previous  test  fliybt 
It  would  n, ;  .  rr  a-:,  if  <i  rud’en  tail  wind  or  an  increase  in  air-era!  t 
speed  cause  I  the  aiiv.r.tf  t  to  traverse  one  portion  of  the  sector  fasti 
than  another  •  -rial  p.  id  ion  of  the  sector.  Tiiis  effect  would  :  u’-.-r  th- 
any  .!•  i.a  v  in«’  on  the  i  .-cos  <iin,-,s  look  un  yinir.etri  c.i  l .  Another  po.sii  1 
c.iu'  "  is  sK-wi.er.n  oi  the  A\C  circuit.  In  other  cases,  snail  errors 
have  (i -.'11)  red  ii.  the  r..u  bins  on  the  rocordinr.  of  the  any  lea  fr.m  tin- 
course  K  cat:  -e  (round  ptun. .-.  were  used.  In  reducing  the  data,  roe." 
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Thu  usable  d  :•  tnnce  data  n. aired  at  booing  Field  is  prosc-nted 
ill  la’il'’  lit  and  Tab’  e  IV.  Data  for  both  receivers  is  g’vcn.  The 
i lag.  currents  are  given  in  Table  1.  Minimum  flag  current',  ur-'  given 
in  laid”  I.  Tile  mn’K.utt  flag  current  in  all  tests  was  3 lr-  niero-orape 
The  data  presented  in  Tables  111  and  IV  she.-.,.,  that  usable  distance 
was  ,;ehi  vu  1  at  IV  .inf.  field  i  or  all  test  ccaf  I  gu:  at  ion- .  I*  ij 
also  clear  Iron!  the  data,  that  at  least  at  hoeing  field,  because  of 
the  hill;  located  on  both  sides  of  the  runwav ,  t'a.-t  InDtit  potter- 
of  2.8  to  3.0  watt-  at  the  8  element  or  0  cletsont  clearance  arrays 
result:;  in  accept  a!  le  signal  s.uvngth  levels  at  the  test  altitude  of 
la 00  ft.  above  MSI,. 

The  ACC  voltages  given  in  Table  ill  show  that  tin1  radiation 
patt  .-i  r,..  are  reasonably  symmetrical.  The  lac-.  of  :  ■  try  indicated 

by  the  rt  na  given  in  'fable  IV  is  due  to  the  shadow  of  hills,  it:  t  ii- • 
direction  of  10°  on  the  00  side  of  the  cou.  .e.  c>  iiilJ..  Is 

appro:-: !  :i  ttely  3  MM  fist:  the  loc.,1  i.r.r  arc  appro:!:,  sv-.ly  27b  •  i.  r.  ipn 
A  Mill..  At  1C  h'M ,  the  aircraft'  would  he  below  the  line  sight  at  lb  00 
ft.  AMsi..  The  reduction  of  signal  in  the  direction  of  10°/00  at 
18  f.'M  ccT’g.r.’d  to  the  :  ignal  in  the  u  i  recti  on  of  10o/lb0~  (also 
at  lb  MM)  is  appro::. f.  itely  C  to  10  dli.  The  elevation  of  tl.e  to:  rain 
along  tlie  lO^/lfO  radial  is  relatively  low.  A  portion  of  tills  hilly 
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An  a  r<:f'«*rc:.-  e,  U.e  criteria  i  nr  specil  ic  course-  quality  <•  »s  •  :> 
rc'-jtiiiv  j  ;  y  th"  I  A. A  i;.  5.  von  i  it  A;y«  ndix  A. 

In  tin*  cva'.u  it  :o-  of  t  h«  r  j  i  m.i  cJ  c;.ur  l-'!.  1  tbM,  it  wm  four, 

over  tir-  i  sir'.  of  '  tent. !  tip  »  'An  lb-  ali;  ntv-nt  ot  in-,  o:;.  ■  on 
a  nun.!.,,.  r  ,-f  t.-  would  lc>'  i.  very  ;c  J,  nit.  j  .t  li  -eulei  . 

other  to.  .  ,  :0V  r  ,  u  '  i:..~  'If  s  •  <  .  t  c  m;  a'. c :  ,  tin  n:.v:  . 

data  would  look  H  o  in  -re  was  r.o:  i  :>•  nl  o:  :  r.o t  c-f  the  emu:  :  •.  i.‘ 

the  order  of  4.0  Vo  6 . 0  /a  os  .  The  x«  ason  for  tin-  cd  served  off  ■  t  cn 
come  ruin:  and  no;  on  other  •  i  not  f  .ots.  of  three  r.uj",i.itud 

arc  easily  cn  reeled  by  ea  ju.i'.rioiu  of  the  i.nJu]  r  i  on  balance. 

Xerox  copi  of  pert  ions  of  t !:  •  .r:  {final  me:  Jiiy  -  of  low  u; 
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Alti  c.  iar,  :i  :.i  v  of  “com ou  unm'c"  run-,  wore 

OTily  a  i  i  v*  :r  ;  c  f  the  run.  in  presented  in  thin  roj  o 
lh:(j.  A-1'.  :  .  ....  v  s,  .  .n  : ; :.  of  a  strut  10:0  run  h  tyj  •• 

mi  :j  ul  ,  ;  mi  No.  1  .  I  ...  .  A332 60?t  -.hoV:  a  nor.  ion  of  the 
::U  ;  i.:.  •  .r  ■  -nt  cc'Jr:  ■:  on  :  ruts  .  ?C.  J5wt; . 

A"1  -  f'c.- V  ;  .■  :ion  •  :  the  r  li  uvtu.  run  for  ih  typo  2 

jc  :ali  .  A  3  32 -’>3  2  3  .  !.  v  a  pert  Inn  c:  t  i  < 

structure  with  if.  tv;'-  2  lc-aLi  .:cr.  hurinf  t i  <  •  ;•  ei'l 

two  j;t  at  I .  ;.  ..  we:-  iii  iv-.:,  i  n  front  of  t  ):•  cc>ur..«  a:  ray  at  a 

distance  of  a,  .  re  Vf»  ft.,  run  i.:o.  36.  !'ro:n  i  Ir-  •  ubtait  t- 

data  ,  A  3  32  ■  C  f  •  ,  or  indeed  f  rear,  the  c  if  •  to  record  in*-,  there 
is  no  Indicc-t  it;,  that  1 1 . ••  lotion  at:.:::,  :v  ;.as:;:rif,  in  front  o 
the  array  during  tho  .  t  rue run. 

Dwf..  A33I  *  new.,  a  !  vi-tlca  of  t:.--  r  t  j  r...  •  u:  a  :  :  ov  t'n- 

type  j:.  ;  li-  c  i.-ar  in,-,  a:  :  i:.  No.  67.  i-.-i  .  A  222- 1  .  V  „ 

portion  c:  t  i .  .  :  rue  t  us  :  a.,  •  r  ti  •.  tv;  ■■  1  a  .-.  .  r:  t 

alone,  run  I.'o.  If.  hup.  A332-I  at  .  I.ov.-n  a  parti's  o:  t : -  ot:  jo 
run  fur  t  bo  t  y  t  ■  .!)•  local  i  •  y;  t-\. ,  n.:,  N.  .  1. 1. 

The  iva-;u:  .2  ;ta  i  or  t ..  tv;  ••  2  :  ,.••*  i  i  a*  •  th 

a  Category  Iii  <v.  eur.f  : :  v  ■  -v  hit  at  Lc-  in.-  I  :■  '.  : .  A  .: 
par  iron  L-two.  n  i.  m-t  -.utir.  ••  l  end  d.»tu  i  or  t/.-’  .a:  t<-- 

and  an  analyr;::  o:  the  r.  1*  e  i s  pi  von  in  th-  n- xt  section. 
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night  be  expect,. 

:d  wi  * 

h  the  typ..  2  1  ,->-_al  : :: 
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e  ;  wl.at  input  powers 
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-ince 
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than  27  0  r  '  ci 

!  'I*  i  M.'*°  cour.te  W 
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e  observ'd  1;. 

previcil..  flight 

test 

with  th"  ty,  e  CS-  1 

cir-aranc 

•:  array,  we  4d  d  si*. 

ant  icipat  p  any  diffic.slty  with  the  cJoai-.incor .  Also,  since  the  hi  11” 
around  th ■■  ...ito  would  dictate  the  requ i  rad  input  power,  the  nrimaty  con,  orn 
centered  or.  the  course  quality  that  would  be  achieved. 


In  an. 1 1  yui.nr  the  cite,  believed  that  the  reflect  V.»u  t  .1  course 
would  cj;::*’  fro::,  e:.r:r-;.i  Lally  three  structure::. .  These  thr-  e  ti  ttetur' s  , 
labeled  A,  il ,  and  C  are  shown  (in  to-  view)  on  Tug.  A332-:'.01:.  other 
Structure.;  located  or:  the  field,  or  close  to  it,  were  cvi:  id-r.d  to  he 


cith"r  too 

■rail  or  to  be 

turn- 

.<i  in  such  a  way  th;*  ref  !••(.!  <-j 

fro-n  them  i. 
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result  in  t! 
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feet  high. 
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approxir.  sti. 
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approx,  ir,. at-, 
that  the  k 
plane . 

Fro:i!  ,i 
principal  > 
of  these  nr 
located  at 
••’’rsfinef  a: 
Liio  calcul,. 
Building  C 
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little  of le 
threshold . 
local  1  ser  n. 
between  ap, 
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between  <yp 
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is  one 

of 
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Boeinp.  Company 

bu  t  Id  * 

inps.  Tins  rti-.i 

lit 

.dy 
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and  approximate 
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o  ht)  :  cel  ii 
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ir.  the 
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'  2  ng 

Plight  font  or*. 

Til  is  stru.tuxe  i: 

iy 

7?0  to  8c 

0  f. 

•'•Jt 

lone,  t _ : .  1  op.  r  oxi; 

catc-ly 

UO  feet  hi 

i  l‘il  s  urface  consist?  of  13  metal  doom .  i’uch  door  i  s 
i 60  feat  v:i  Tine  cloned  door  ur-rancei:  •:  nt  is  such* 
storicr  surfa.ee  of  all  the  doors  lie  in  the  sar.v  vet  :  led 

•  pro  1  it, tr  ay  >  valuation  of  the  effect  of  each  of  the  tin 
<•  £  lectin;  sources ,  it  is  relieved  that  because,  all  tiro, 
i  ur  tutor,  arc  c-r  cent  a  ally  parallel  to  the  runwav  hut  ar 
three  presiy  elf : orent  di  stance:;  down  t.v*  itcsav,  t ■. 
t  of  cjcr:  .  •  ...:  nay  be  ex:  net  vs! .  It  .'on  .-.I  fit 

t:o:...  that  isd'O  !  i  h i n  ir  a:  prox ‘mutely  what  mould 
i:  locates  at  an.  at  1.6°  anpic  Iron,  the  runt. ay  center  i  in 
~  l  he  loo  *  1  i  nor .  It  is,  t.V'i  tore,  expect.  •!  tc  .jvc  v.-j  ,• 
f  *  at  da",  tenses  ..os  t : .  -an  a!  tut  i-t-OCi1  f.  rt  b.  y  :  tie 
i'.'i  IJ  i  nr.  b  lor  j  .e!  at  an  any].?  of  6.3°  a  isv.a  :i:  c;  a:  an. 
le  rj;;i-.et-.d  Li.  contribute  i.v  t  to  the-  cc_r_.e 
roxIii.,»te-ly  +  .K>pO  feet  and  t'cOCO  fed  fro:”,  It.--  rhol  ’ .  ' 

bo  ex;,  anted  to  account  for  the  ccur-so  bond:,  o.  currinp 
i-o;-: ly  -dOO:'  down  tir*  run. ..ay  to  ■  o  ito'.v 

p'  .a  1  .  r  :  nai  y  cst  i'-it”  ,  we  atlt  :ip f..  d  1  o  ucce  .  :  ft.»-  the 
:  ;  ro.hi.ai  •!  '  a  :1.  -.und-'n  -1  vm /.  p.u  id.  ; i,  -  ,  .  ;  -  .  _ 
•.vatly  in  un.  i'ro:r.  a  :.tn;uu'e  run  of  tie.  i;  .v.  ,;u  i  ! 


r 


:  t  ur- 


facility  flight  of  October  107?.  The  meximizn  course  bends  were 
f out. ii  i  :>  appro.: it...:  >.  ly  *10  r.iei  ouv.foros.  Later  measure-::  -  a.t  h 

shown  t  it. 1 1  th  '  ..  v_s  a:  proxir  au-ly  correct .  In  addi. :  ion,  another 
strut- live  ran  uh.v.  i  the  effect  cf  the  eight  elc:.,.’nt  arruv  cl  . 
Frot’i  1 1 1 j  ih.ta  fer  the  eight  el c:;-..  .it  ai'ray  alone,  the  cour.  •  bends 
were  i  oanu  to  .  r<  x  irately  .*>  10  tt,  •*  uroaxpei  e- .  Later  tr.e.v  u?  et 

have  :  hewn  that  this  was  correct  as  well.  The  r..axiru:rs  c .  u:  - 

btnl.  for  loth  run.;  occurred  between  0  feet  and  +200C  feet  fr-e.r.  t 
threshold.  The  plus  sign  is  used  to  indicate  distances  reassured 
the  threshold  in  the  direction  away  iron  the  local' /.cr. 

Building  A  appear •  •  1  to  be  a  most  likely  source  of  the  bend.;, 
between  0  .«..•!  +2000  feet.  A  calculat  ion  of  the  nan  ir.-rr.  x:.:  li  tude 
of  the  cour  e  lend:-  duo  to  buildiri.  A  assuming  it  to  bo  60  ft  hi,, 
gave  17.2  r.icroamper  s  fo"  the  unit  localizer.  A  ■•cor.  ;  calculat 
of  be nd r;  tx-:-:.  building  A  also  based  on  unit  local  i.:er,  I  u'  as  su- , i 
a  GO  ft.  hi, 'at,  indicated  maximum.  course  lends  of  appro: irately 
G.O  n.i  ci's  .sr.peros .  V.’hat  this  meant  is  that  In  order  to  account  th 
the  wb..crv-u!  .110  micro  m, pc  i-'-'S  obtain..!  with  the  0  Icon  urr  .y  a  Ion 
th"  nor::,  j  '  i  d  •;  i  1  and  <J  i ;  f-.-r-  no*  of  tl."  8  1  nop.  am  . ;  wv.iid  }. .!*.*<• 
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Since  Ui J.'t'l;  r.f  t Jj< •  tyro  ?  coum-  array  for  n  4”  cours1'  width  it, 

'j 

below  .  02  io  an,*.!-:".  t’re-itcr  t  ban  appi ate!  y  7.0°,  wc  could  still  .t  •  f! 

th>*  expo  -to 1  i  v-  ’  *..f  th-  oc-ui  ..<•  bond:: .  lot  ur  i.ssu:...?  a  "wort.t  c  j.  ”,  :  .  iv. 

that  the  ty;  ■-  !  y]-:ar.:r  ■  array  w,uld  >v-:i:!t  in  b-.-i  la  around  ‘lb.;  r .  • 

amp* -res .  l:  ;••••  th-.-.i  .-.r  jnrt  the  it:  at  j  .  :  r  •  th-.-  an  .  /a  to  uchi*  v  •  a 

car- tut-*  ratio  of  1.  -Jo,  c,/u!J  (.!;•  err.:  -•  1  •  to  V  •  r-  !'i  .  - 

opproxir.at-  jv  rr-a...  ,  :  ■  .  inis  v.  ..1  j  r.  ti.a  t  ;.e  ;  s 

t.-jtit  in  cour  -  'reality  would  :  a  f  ait  •—  o:  r  ;  :  «v*-r»  2. 

From  tii**  tests,  it  was  found  that  ;.**.•  were  cor:-.,  t  ir.  i.tii  ,l 

estimate  and  in  our  _u:-.pi cions. 

1.  The  cwui  :.•*  juii’ty  v;.»s  improve-!  by  a  2:1  fa  t  or ,  *:i  1 , 

2.  The  nnaly.  „'•••  of  :  he  ocurv-**  1  -i  .  1  that  tin-  ;  ;  in  ir- 

SOUX'V.0  of  Li.  110  r.i  v_r  ra:;.;  •  :  r  d  ..  i  : :  .•  i  :• 

hill,  ..inf  I.o!  unv  of  the  build':  -  ■  .  •.*.  n  '  ■  .  ■ 

It  wa  ,  I  ■  :  ,  -  ‘.nut  j  1  f  .  u  j  a  1  y  r  -  -  .1  a  1  r  :  *  .  .  .  . 

dif  f*  l-.-nt,  ctT-i;  t  hat  1  y  httawir.  •  the  ii'fr.,  :  ir;  It*  t  >*  i . 

be  shown  lo  i.-:..' r.f  r  « ■:.  t in  it-  o':.-  '.ion 

source  and  th*:  r .  *  .  ur.-J  c  . T;.I*  van  i .  and  •  -  :■  ti.*-  ... 

Because  t  :.*.*  •.-ta*  ur-d  .  ..  a  :  i  • !,  •  0  1  _  : .  . 

were  indeed  .*110  i  ere  .rt;  :■■■  :  i.y  i  d 

width,  it  war  i  Ib-vcd  that  th<-  oidebini  ;  after:,  r.av  not  th-  ■  -r  -.- 
as  th«  [:uM  L-h-  i  th-  c-i-oti  *  »i  patten.,  'lb  -  j-r  pattern:,  ci  the 
8  loop  ,.rr  jV  :•  .  a  .u:  ■  •!  at  ,n  altitud.-.  of  ?,"10  i.  -t.  '.ho  :  •  -  n.  . 

pattern  •  ur-  ;  •  t  :  on  i  .  Ai  '2-0122.  '■  1  .*•  r.*  u:  ur«d  j  •:  t-  r:.n  v-i  •• 

plotted  -  t!  >.-  i  .  in  th-  dl.  'rilu'irn  r  is  *.ui  t  w  : 

ti.*:  .  i.  1  i  l  .  *  *.k  '  i,.  •  :•  . .  ;  •  .  V.V  •  v>j  1  '  t»  *  »  d 
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coi  rest  ansiriplion.  Iron  the  measured  pattern  data,  wo  were  somewhat 
surprised  to  f  1 : 1 .1  tint  the  maximum  USD  in  the  direction  cf  10°  from 
the  frcr.t  course  ;ro  to  Lo  ah  out  4.4.  The  accuracy  of  the  SO 

patter:;..,  h.w-wr ,  !s  somewhat  in  doubt.  To  partially  ch--ck  the 
irr-.-a  uj  od  pattern  data,  a  compari:  on  war  made-  bi  tween  the  measured  Dl'.'l 
ch..er ve J  on  nor.  -1  h-ln: a;.n:  orbit”  at  6  M  and  3000  ft.  olevat:cn 
on  one  hand,  and  t':>”  calculated  IK "  from  the  r.c-anured  patterns  cn  the 
otlie-r  hand.  Dwg.  A33'c-Sj33  shows  this  comparison.  It  can  he  teen 
that  the  a  'leer. : n t  between  the  calculated  and  measured  Dl  ! I  data  is  par:,. 
This  agreement  lead  us  to  believe  that  the  course  width  value  of 
about  4.0°  is  probably  correct.  Since  a  course  width  of  4.6°  would 
be  in  own  Intent  with  Ml  of  4.4  at  10°,  it  nay  be  assumed  iliac  Mb 
vulu'  of  4.1*  ;<•  doubtful. 

In  order  to  d-'  t ermine  the  relative-  level  of  course  bends  to 
be  expect'd  fro:-,  oath  of  the  principal  r-.-flcctiny  source-r ,  wo  have 
constructed  a  table  of  USD's  for  each  array  with  an  USD  value  listed, 
based  on  the  measured  course  widths,  in  each  of  the  directions  of  t he 
reflecting  sources,  "A",  "B" ,  and  "C".  These  directions  as  measured 
from  the  local in-  r  arc  approx  I m  it el y  5.6°,  C.3°  and  3.0°.  In  add  it i-  u, 
for  use  later  in  this  analysis .  the  wax  irr.ur.  MB':  at  cr  .-.re  und  10°, 

30°,  and  40°  arc  also  listed,  oe  Table  VI. 
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Since  them  urc  several  distinct  groups  of  course  bonds  at 
diiferont  di  stances  iron  the  threshold  along  the  course,  each  group 
prcbabl y  1  in.;  produced  by  different  reflecting  objects,  one  has 
to  nuke  several  plots  taking  NSD  in  the  directions  of  the  several 
suspected  le'Jecting  objects.  Such  plots  are  shewn  in  Dwgs. 

A332-502o ,  -5C23,  and  -50  *0.  The  data  on  Lw  ; .  A332-5C3?  shows 
tl.c  mc.-ioui'c  1  ;  .xit.utr.  course  Lend  at  the  distance-  between 
+  0000  feet  to  +15,000  feet  i'rcm  the  threshold  versus  the  Noll's  in 
the  direction  of  5.6°.  The  course  bends  at  these  distances  tee r. 
to  be  fully  accounted  for  by  reflection  f x  o:r.  Fuilding  C  aicne  located 
approximately  at  5.6°  as  corn  from  the  localizer.  The  agreement 
between  the  ex;  coved  result  based  on  the  proportionality  of  Noll's 
and  course  bend  amplitudes  as  measured  is  good  except  for  ;  one 
slight  doviat  Lcr:  in  the  case  of  the  C6-1  and  the  9  locp  arrays. 

Dwg .  A332-5C30  j  hows  the  sane  type  of  cor.pur:  ccr.  for  the  course 
bends  at  di stand's  between  -2000  ft.  and  0  ft. from  the  threshold. 

Tor  this  range  vf  distances,,  the  course  bends  seem  to  be  due  almost 
completely  to  Building  A.  building  A  is  located  at  an  angle  of  9.0° 
from  the  localizer.  The  agreement  between  the  theory  and  the 
measured  .’.it  .,  •  -y.copt  for  th"  8  locp  array ,  is  very  good.  fvg. 
A332-50U0  again  allows  the  same  type  of  cor.  pari.son ,  as  shewn  on  swes. 
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source  B.  The  NSP's  shewn  on  Twg .  A132-5040  arc  those  in  a  direction 
of  8.0°  from  the  local! uc-r.  The  LGD  values  plotted  or.  Ivys.  A332-5035, 
-5039,  ami  -5040  were  taken  from  "A  Guide  for  the  Selection  ef  Antenna 
Characteristics  for  Single  Frequency  and  Two  Fre  juency  Local i rot o  in 
the  Presence  of  Reflecting  Structui  es and  adjusted  fer  the  r-oC.tr  i 
course  width. 

It  is  noted  in  connection  with  Dwg .  .4332-5  040  that  again  a  reason;:'.  :  v 
good  linear  relationship  exists  he  tween  J.’SD  and  course  bends  for  all  of 
the  arrays  except  for  the  type  06-1  and  the  3  loop  array;  the  agreement, 
however,  obtained  with  the  8  loop  array  is  particularly  poor. 

It  is  suggested  by  the  data  shewn  on  f.vg.  A332-5040  that  an  addition -.1 
reflecting  source ,  other  than  objects  A,  B  and  C  must  be  present.  .lincc 
there  is  also  sons  disagreement  for  the  Type  CC-i  array,  as  well  an  the 
8-loop  array,  and  further,  since  the  sideband  pattern  of  the  CC-1  array 
is  relatively  wide,  one  should  lock  cut  beyond,  say  20c  ,  fc-i  the  a  id  i  r  i  ,:.j  1 
reflection  source. 


From  the  course  bend  recording  for  the  8  loop  array,  Dwg .  A332-5023, 
wc  can  determine  the  approximate  direction  of  the  reflecting  source  by 
measuririg  the  distances  between  successive  max  irr. )  of  the  course  lends. 


The  approximate  direction  of  reflecting  source  is  given 
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Pori  urging  Ike  indicated  m.ifhoxatical  cijv.-r  at  ior.  .  using  ?.n  average 
spacing  between  tho  ;  oiv':?  bond  maxima  ( appro:-. ir. :t T * •  ly  000  foot ) 
centered  abound  a  poj  nt  apprcxii  .at-ly  +000  foot  i  ro:n  threshold,  we 
find  that  tho  add ' t  I  anal  reflect  lug  source  should  be  in  a  direction 
of  approximately  10°  r rex  the  rum-ay  centerline  a-  t.easu:  ed  : V  : . 
the  point  .lecac  »tu  1  at.  +‘.-.0  foot  ire*.  th<-  threshold.  The  direction 
of  tho  sou  red  is  shown  by  th.  "direction  arrow"  on  A33?~501s. 

Even  when  the  direction  of  the  source  in  known,  there  is  still  a 
problem  to  determine  what  thin  additional  source  really  is. 

If  wo  look  back  iron.  +300  ft.  at  an  angle  of  1C°  vn  the  3"G 
cycle  side,  no  significant  reflecting  source  is  found.  If  wo  look  back 
from  +300  ft.  at  10"  on  the  00  cycle  side,  tho  direction  arrow  »y«_-s 
right  through  reflecting  source  A.  We  cannot,  1.  .scat  ,  conclude 
that  wo  a',  e  completely  in  error  with  regard  to  source  A  for  one 
array  and,  at  the  same  tiro,  bo  correct  wj  *  h  regard  to  souiee  A  m.  r 
fivc  or  six  other  arrays.  We  conclude  that  there  n.u-v  pa  as.  additional 
reflecting  source  beyond  source  A  and  that  this  source  is  closer  to 
the  loculi ucr. 

If  we  look  for-  the  probable  source-,  of  reflect  it. >  in  the  indicated 
direction,  wo  find  two  candidate  sources: 

1.  An  extensive  array  of  telegraph  wires  located  approx ir.ut-.  ly 
.  30  feet  above  ground  and  running  parallel  to  the  railroad 

tracks  shown  on  Ewe.  A332-5GJ.A. 

2.  A  relatively  broad  sloping  hillside  rising  70  to  80  feet  above 
the  runway  and  extending  for  a  distance  of  approximately  3. AC  it 
The  hi  11. Lie  of  interest  is  located  at  angles  between  20’’  and  4k 
from  tho  local! :’.er.  A  portion  of  this  area  ha:  been  enclosed  Ly 
dashed  line  and  designated  as  source  I',  see  l'wg.  A332-530 1 . 
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It  may  be  ausur.-'d  that  the  reflection  from  the  telegraph  wires  30 
feet  high  would  be  than  from  a  flat  metal  wall  30  feet  high. 

Assuming  such  a  wall  0000  feet  long,  we  find  that  the  reflection  from 
this  wall  when  it  is  illuminated  by  an  8-loop  array  would  produce  band 
around  7.0  microamperes ,  and  not  110  microamperes.  The  telegraph  wire 
must,  there! ere ,  be  dismissed  as  a  possible  candidate.  This  leaves 
only  the  hillside  and  a  substantial  row  of  trees  on  the  hillside  as  th 
only  possible  sources. 
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J.  Vortical  Polar!  :::it  icn  .'VMsurcr.ents 

Vertical  polarizut  ion  was  measured  on  the  Type  0  array.  Type  2 
System,  and  the  Type  IE  System.  The  measurements  wore  made  on  the 
inbound  portion  of  course  structure  runs  lie's  18,  33,  34  ,  40  ,  48,  bl , 
and  G8. 


The  effect  of  the  vertical  polarisation  as  shown  on  the  recordings 
for  the  runs  given  above  appear  as  a  slow  change  in  cour  Sii  di  T"C  C  t.  i  Oil  • 

No  sudden  displacement  of  cross  pointer  indication  was  observed  on 
any  of  the  vertical  polarisation  checks . 

The  maximum  value  of  course  shift  that  was  observed  for  a  standard 
±20°  wing  dip  was  t4.0yU.Ct  <  This  variation  was  observed  during  the 
inbound  por  tion  of  structure  run  No.  34  on  the  type  2  localizer  t 
The  portion  of  this  run  showing  the  vertical  polar' nation  check  is 
given  on  Dwp .  /, 332-5041.  Other  measurements  cf  the  vertical  polari¬ 
zation  for  the  same  type  2  localirer,  runs  No.  33  and  08,  however, 
showed  a  negligible  vertical  polarization  effect. 

The  maximum  vertical  polarization  effect  that  wan  measured 
with  the  type  IB  localizer  system  was  ±2  /<e^.  The  vertical  polar ir :t 5 : a 
effect  with  the  IB  course  array  alone ,  run  No.  40,  was  less  than  « 1  yi<  a.  . 
Since  these  arrays  are  all  constructed  from  the  same  type  of  element, 
one  would  not  expect  to  find  any  significant  difference;:  in  the 
vertical  po.l  ir i  .-.at  ion  effect  for  different  arrays. 


The  FA  A  Bp-,  elf  i  cat  icn  on  vertical  polarization  effect  is  given 
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COURSE  BE1ID  CRITERIA 


CATr;~o:-Y  t  . 

Maxif.un  variation  of  course  indications  from  runway  centerline 

c 

starting  from  the  IES  reference  datum*  (100  ft.  above  threshold) 

3  /) 

to  3500  ft.  from  t  lire  -hoi  a  is  ±15ja<^.  From  3500  ft.  to  4  EM,  the 
maximum  variation  is  allowed  to  increase  linearly  from  il5  to  ^30^^  , 

CATEGORY  II 

Maximum  variation  of  course  indicator  from  runway  centerline 
starting  from  the  ILS  reference  datum  to  3500  ft.  from  the  threshold 
is  i5ytw.c\.  from  3500  ft.  to  4  NM ,  the  maximum  variation  is  allowed 
to  increase  linearly  fro:..  15  to  130/UO,. 

CATEGORY  ITT. 

Category  III  encompasses  Category  II  and  in  addition  provides 
that  the  maximum  variation  of  course  indicator  from  the  IES  reference 
datum  (100')  to  a  point  30  it.  above  the  runway  and  3000  ft.  down 
the  runway  shall  also  remain  within 


■••The  distance,  measured  on  the  ground,  between  the  threshold 
lying  directly  under  the  ILrt  reference  datum  will  depend  on 
of  the  glide  slope  and  the  glide  slope  angle. 
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TABLE  VI  -  Comparison  of  the  WSD  values  for  each  of  the  tested  arrays 
in  the  directions  of  the  principal  reflecting  sources.  Data  based 
on  the  theoretical  distribution  of  sideband  signal  and  the  measured 
course  width  at  Boeing  Field  International 

NSD  (NORMALIZED  SIDEBAND  DIFFERENCE) 


Angle  From 

Front  Course  to 
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6.3° 
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00 

20° 

30° 

40° 

Reflecting  Source 

ttQtl 

"B" 

"A" 

_ 

"D" 

"D” 

"D" 

1.18 

_ 

1.54 

a 

2.35 

s.c** 

4.0** 

1.81 

1.90 

1.02 

0.78 

0.86 

0.57 

0.52 

0.2 

Type  C6-1 


8  Loop* 


8  Loop** 


Type  0 


Type  1A 


Type  IB 
(Course  Array) 


Waveguide  4.0° 

(Course  Array) 


Type  2  4.1°  0.23  .06  |  .01  |  .02/21°  )  .02/29°|  .02/42°  | 

(Course  Array) 

^Theoretical  Data 

**From  flight  data,  see  Dwg.  A332-5032,  the  0.22  NSD  value  at  40°  is  probably  due  to 
shielding  by  the  hill.  This  value  has  no  bearing  on  the  value  of  the  NSD  control¬ 
ling  the  reflection.  The  values  of  NSD  at  5.6°,  6.3°  and  8°  are  believed  to  be 
in  error.  These  NSD  values  are  taken  from  the  measured  SO  pattern.  The  measured 
SO  pattern,  however,  is  questionable  because  of  the  difficulty  in  determining  the 
correct  AGC  voltage  levels  when  the  high  end  of  the  receiver  curve,  greater  than 
100.'*  V  ,  rises  as  steeply  as  is  indicated  on  Dwg.  A332-5021  receiver  SER  1051. 
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